
ZNS+: Advanced Zoned Namespace Interface for Supporting In-

Storage Zone Compaction 

1. How to download Artifact 

1) FEMU source code 

◆ Link: http://nyx.skku.ac.kr/osdi/femu_artifact.tar.gz 

2) Virtual machine image 

◆ It includes O/S kernel source code and evaluation script. 

◆ Link: nyx.skku.ac.kr/osdi/u14s.qcow2.tar.gz 

 

2. Getting Started Instructions 

1) Requirement 

◆ Computer with 4 or more CPUs: Allocate 4 cores to guest machine 

◆ More than 34GB DRAM: 32GB memory for femu heap that is emulated as SSD capacity 

and 2 GB memory for guest machine 

2) Compile FEMU & launch guest machine 

◆ FEMU compile 

⚫ Make sure you have installed necessary libraries for building QEMU. 

◼  

⚫ Switch to the FEMU building directory 

# cd femu/build-femu 

⚫ only Debian/Ubuntu based distributions supported 

# sudo ./pkgdep.sh 

⚫ Compile & Install FEMU 

# ./femu-compile.sh 

FEMU binary will appear as ``x86_64-softmmu/qemu-system-x86_64`` 

◆ Run FEMU 

⚫ Run the VM using Run-blackbox.sh 

# cd femu/build-femu 

# ./run-blackbox.sh path-to-qcow2-image path-to-status-file 

Ex) ./run-blackbox.sh /images /home/artifact/result/test.txt 

⚫ connect to guest machine 

Launch a new terminal 

# cd femu/build-femu 

# ./conn.sh 

⚫ ID/PW of guest machine 



◼ ID: femu 

◼ password: 1 

3) Compile O/S & Launch evaluation scripts 

◆ Compile guest machine's O/S 

⚫ Switch to the O/S building directory 

# cd /home/femu/ZNSPlus 

⚫ Configure file system options. (It will be explained later) 

# make menuconfig 

⚫ Compile O/S kernel 

# make;make modules;make modules_install;make install 

⚫ Restart VM 

◆ Launch evaluation script 

⚫ Switch to the home directory 

# cd /home/femu 

⚫ Run script.sh 

# ./script.sh result-file-name 

Ex) ./fileserver.sh test (The result file is stored in /home/femu/result/.) 

4) How to Configure FEMU (at the host machine) 

◆ Hardware configuration 

⚫ Select base configuration file in /femu/build-femu/conf 

⚫ Copy base configuration file to /femu/build-femu/vssd1.conf 

# cp path-to-base-conf-file /femu/build-femu/vssd1.conf 

⚫ Configuration file 

 

◼ We only modify FLASH_NB and CHANNEL_NB in the base configuration file. 

◆ Software configuration 



⚫ Change header file (/femu/hw/block/ssd/vssim_config_manager.h) 

 

◼ NUM_FLASH: It means the number of flashes in the SSD. 

◆ If FLASH_NB in the configuration file is modified, NUM_FLASH in 

vssim_config_manager.h should be modified to the same value. 

◼ BACK_PD_OFF: This option determines whether the SSD uses back-padding or 

not. 

◼ PRE_PD_OFF: This option determines whether the SSD uses pre-padding or 

not. 

⚫ Compile FEMU 

# cd /femu/build_femu 

# ./femu-compile.sh 

5) How to configure F2FS file system (at the guest machine) 

◆ Configure file system options. (It will be explained later) 

# make menuconfig 

◆ Options for ZNS+ (File systems >>) 

 

⚫ file system technique for ZNS: Select technique 

◼ ZNS: Baseline technique 

◼ IZC: This technique uses internal zone compaction scheme. 

◼ HSR: This technique uses hybrid segment recycling scheme. 

⚫ Copyback-aware Block allocation: This option determines whether the F2FS uses 

CAB or not. 

⚫ All cached chunk checking: This option determines whether the F2FS uses IZC-H 



or not. 

6) Result file of Guest machine 

◆ Benchmark result: it is stored as “/home/femu/result/benchmark_keword.txt” 

Ex) ./fileserver.sh test >> fileserver_test.txt 

◆ Filesystem result: it is stored as “/home/femu/result/benchmark_f2fs_keword.txt” 

Ex) ./fileserver.sh test >> fileserver_f2fs_test.txt 

 



 

7) Result file of Host machine 

◆ FEMU result file: It is saved in the path specified. 

 
  



3. Detailed Instructions 

1) Notices 

A. Since FEMU is an emulation environment using VMs, performance variation may occur. 

Run the experiment multiple times and use the average value of the results. 

2) Average compaction time (Figure 6) 

A. After setting the "file system technique for ZNS" option of the Guest O/S kernel to 

ZNS, compile and install the kernel. (Baseline technique) 

B. Execute all benchmarks and collect the status result of Guest O/S and Host O/S. 

C. After setting the "file system technique for ZNS" option of the Guest O/S kernel to IZC, 

compile and install the kernel. (IZC technique) 

D. Execute all benchmarks and collect the status result of Guest O/S and Host O/S. 

E. Make a graph by referring to "GC time breakdown" field of each F2FS status result file. 

3) Effect of the threaded logging support (Figure 7) 

A. After setting the "file system technique for ZNS" option of the Guest O/S kernel to 

HSR, compile and install the kernel. (HSR technique) 

B. Execute all benchmarks and collect the status result of Guest O/S and Host O/S. 

C. Figure (a): Make a graph by referring to "ops/s" of each benchmark result. 

i. Fileserver: #cat result/fileserver_test.txt | grep IO 

 

ii. Varmail: #cat result/varmail_test.txt | grep IO 

 

iii. Tpcc: #cat result/tpcc_test.txt | grep TpmC 

 

iv. YCSB-a: #cat result/ycsba_text.txt | grep ops 

 

v. YCSB-f: #cat result/ycsbf_text.txt | grep ops 

 

D. Figure (b): Make a graph by referring to "Stats of write count" field of each F2FS status 

result file. 

i. Node/Meta write count is normalized to data write count. 

1. Ex. #cat result/fileserver_f2fs_test.txt | grep "write count" 

 

2. Node: 1477426 / 10170623 = 14.5%, Meta: 213464 / 10170623 = 2.1% 



4) File system utilization (Figure 8) 

A. Measure the performance of each technique while changing the file system utilization. 

i. How to change file system utilization: Change /home/femu/fileserver.f to 

/home/femu/fileserver_conf/utilization/*.f. (80.f, 85.f, 90.f, 95.f) 

B. Make a graph by referring to "MB/s" of each benchmark result. 

i. Ex. #cat result/fileserver_test.txt | grep IO 

 

C. How to calculate WAF value 

i. A: Data Write Count field on f2fs stat file (User write) 

ii. B: Node Write Count field on f2fs stat file (Node write) 

iii. C: Meta Write Count field on f2fs stat file (Meta write) 

1. Ex. #cat result/fileserver_f2fs_test.txt | grep "write count" 

 

iv. D: Try to move X blocks field on f2fs stat file (GC cost) 

1. Ex. #cat result/fileserver_f2fs_test.txt | grep "Try to move" 

 

v. E: SSR_PDcount field on femu stat file (TL cost) 

1. Ex. #cat test.txt | grep "SSR_PDcount" 

A. test.txt is in host PC (second parameter of run-blackbox.sh) 

 

vi. WAF =(A+B+C+D+E) / A 

1. Ex. (10019106 + 1456757 + 212658 + 776081 + 16457315) / 10019106 = 2.88 

5) Flash chip utilization (Figure 9) 

A. Compile FEMU after uncommenting "#define BACK_PD_OFF" and "#define 

PRE_PD_OFF" in the vssim_config_manager.h file. (HSR-FP technique) 

 

B. Execute all benchmarks and collect the status result of Guest O/S and Host O/S. 



C. Compile FEMU after uncommenting "#define PRE_PD_OFF" in the 

vssim_config_manager.h file. (HSR-BP technique) 

 

D. Execute all benchmarks and collect the status result of Guest O/S and Host O/S. 

E. The HSR technique collected in Figure 7 and the HSR-BP/PP technique in Figure 9 are 

the same. 

F. Make a graph by referring to "CH_util" field of each femu stat file. 

i. Ex. #cat test.txt | grep CH_util 

 

ii. Chip utilization: 11.623443 / 16 = 73% 

1. divide CH_util by 16 (chip count) 

 

6) Flash chip utilization for fileserver workload (Figure 10) 

A. Compile FEMU after uncommenting "#define DEBUG_CHIP_UTIL” in the 

vssim_config_manager.h file. 

i. The modified FEMU outputs the chip utilization to the femu stat file every 0.1 

seconds. 

ii. Be careful not to run the VM for too long in this configuration. 

B. Perform the fileserver benchmark in three techniques to create femu stat files. 

C. Using the collected chip utilization results, create graphs of "interval average" and 

"moving average". 

  



i. Ex. following is a part of femu stat file 

 

ii. 2nd column is CH_util value per 0.1s interval 

1. CH_util / 16 is chip utilization, Ex. Chip utilization: 15.250256 / 16 = 95% 

2. We plot chip utilization per 0.1s interval as “interval average”, and average 

value during 5.0s as “moving average” 

iii. following is a part of same femu stat file 

 

iv. Ssd status like upper is also stored in femu stat file  

v. To using CH_util value that occurred only at workload runtime, import CH_util 

value between the last two ssd status prints 

  



vi. Ex. Two ssd status are stored in femu stat file 

 

vii. plot a graph using CH_util of C 

 

7) Number of flash chips (Figure 11) 

A. FEMU compile 

i. Modify “NUM_FLASH” in vssim_config_manager.h to 2~32. 

ii. Modify "FLASH_NB" and "CHANNEL_NB" in vssd1.conf. FLASH_NB is the same as 

NUM_FLASH. CHANNEL_NB is set to half of NUM_FLASH. 

iii. After compiling FEMU, run the guest machine. 

B. O/S kernel compile 

i. Modify the value of the “NUM_FTL_BANKS” field in ZNSPlus/fs/f2fs/f2fs.h to the 

same value as NUM_FLASH. 

ii. Turn on/off “Copyback-aware Block allocation” in menuconfig. When this option 

is turned on, the CAB scheme is activated. (IZC-CAB / HSR-CAB) 

iii. When using CAB, modify page_addr of PD_aware_struct in ZNSPlus/fs/f2fs/gc.c as 

follows. 

1. NUM_FTL_BANKS==2 → unsigned long page_addr[NUM_FTL_BANKS][64] 

2. NUM_FTL_BANKS==4 → unsigned long page_addr[NUM_FTL_BANKS][32] 

3. NUM_FTL_BANKS==8 → unsigned long page_addr[NUM_FTL_BANKS][16] 

4. NUM_FTL_BANKS==16 → unsigned long page_addr[NUM_FTL_BANKS][16] 

5. NUM_FTL_BANKS==32 → unsigned long page_addr[NUM_FTL_BANKS][16] 



 

iv. Compile the kernel and install it. 

C. Modify mount.sh. 

i. Modify the “-s option” of mkfs.f2fs in mount.sh to the same value as NUM_FLASH. 

ii. If one of the values of A-C does not match, performance may not be properly 

measured, or the file system may not be mounted and the VM may crash. 

D. Measure the performance of each technique while changing the number of flash chips. 

i. Change /home/femu/fileserver.f to 

/home/femu/fileserver_conf/number_of_chips/*.f. (2.f, 4.f, 8.f, 16.f, 32.f) 

E. Figure (a): Make a graph by referring to "MB/s" of each benchmark result. 

i. same as figure 8 

F. Figure (b): Make a graph by referring to "IZC_write" and "IZC_copyback” field of each 

femu stat file. 

i. Ex. #cat test.txt | grep IZC_write 

 

ii. #cat test.txt | grep IZC_copyback 

 

iii. Copyback ratio: IZC_copyback / (IZC_write + IZC_copyback) 

1. Ex. 10611904 / (1713188 + 10611904) = 86% 

G. For HSR mode, make a graph by referring to "SSR_PDcount" and "SSR_PDcpbk” field 

of each femu stat file. 

i. Ex. #cat test.txt | grep SSR_PDcount 

 

ii. #cat test.txt | grep SSR_PDcpbk 

 

iii. Copyback ratio: SSR_PDcpbk / SSR_PDcount 

1. EX. 4818468 / 5285796 = 91% 



8) NAND flash media (Table 3) 

A. Copy the configuration file in /femu/build_femu/conf/ to /femu/build_femu/vssd1.conf. 

(TLC / MLC / ZNAND) 

B. O/S kernel compile 

i. Turn on/off “All cached chunk checking” in menuconfig. The technique that turned 

on this option is IZC-H, and the technique that turned off is IZC-D. 

ii. Compile the kernel and install it. 

C. Make a table by referring to "MB/s" of each benchmark result. 

9) Threaded logging and pre-padding ratio (Table 4) 

A. The rate of threaded logging is calculated using the f2fs result collected in Figure 7. 

B. Rates of TL 

i. A: “GC calls” field in f2fs stat file.  

1. Ex. #cat result/fileserver_f2fs_test.txt | grep “GC calls” 

 

ii. B: “Total SSR allocation” field in f2fs stat file.  

1. Ex. cat result/fileserver_f2fs_test.txt | grep “Total SSR allocation” 

 

iii. Rates of TL: B / (A + B) 

1. Ex. 3345 / (181 + 3345) = 95% 

C. Rates of PP 

i. A: "SSR_PP” field in femu stat file 

1. Ex. #cat test.txt | grep SSR_PP 

 

ii. B: "SSR_PDcount” field in femu stat file 

1. Ex. #cat test.txt | grep SSR_PDcount 

 

iii. Rates of PP: A / B 

1. Ex. 1869248 / 16457315 = 11% 


